Repair of large full-thickness articular cartilage defects with allograft articular chondrocytes embedded in a collagen gel.
Full-thickness articular cartilage defects are a major clinical problem; however, presently there is no treatment available to regeneratively repair these lesions. The current therapeutic approach is to drill the base of the defect to expose the subchondral bone with its cells and growth factors. This usually results in a repair tissue of fibrocartilage that functions poorly in the loaded joint environment. The use of phenotypically appropriate chondrocytes embedded in a collagen gel delivery vehicle may provide a method that could be used to repair full-thickness articular cartilage defects with functionally satisfactory hyaline cartilage. Allograft articular chondrocytes embedded in a type I collagen gel were transplanted into large (6 x 3 x 3 mm), full-thickness articular cartilage defects in condylar and patellar weight-bearing surfaces to develop clinically applicable methods to repair articular cartilage defects. Chondrocytes were isolated from the articular cartilage of 4-week-old New Zealand rabbits and embedded in type I collagen gels. This composite was transplanted into a full-thickness defect on the medial femoral condyle and patellar groove of adolescent host rabbits. The repair cartilage was assessed histologically by a semiquantitative scoring system and biomechanically with a microindentation technique of specimens 4-48 weeks after chondrocyte transplantation. Defects in both locations were repaired with histologically apparent hyaline cartilage observed from as early as 4 weeks until 48 weeks after transplantation. The repair cartilage in the medial femoral condyle was more irregular than in the patellar groove, but in all other respects was similar. The grafted tissue did not remodel and differentiate into the morphological zones seen in normal articular cartilage. No tidemark or subchondral bony plate formed even 48 weeks after transplantation. Biomechanically, the repaired cartilage demonstrated indentation values similar to normal articular cartilage 12 weeks after transplantation and remained the same 48 weeks after transplantation. By contrast, the control (i.e., empty) defects healed with tissue that exhibited very poor metachromatic staining and exhibited very high indentation values. Incomplete bonding of the repair tissue to the normal cartilage was seen, and the surface was significantly irregular with major discontinuities. These observations provide the basis for considering the use of allograft articular chondrocytes to repair articular cartilage defects in the weight-bearing regions of the knee.